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Introduction
Once considered surgical breakthroughs, hip, knee, and shoulder replacement 
have become routine procedures. Every year, hundreds of thousands of Americans 
suffering from pain or disability as a result of degenerative joint disease experience 
remarkable improvements in quality of life that would not have been possible with-
out the surgery. The procedures are generally safe and effective, and patients are 
usually highly satisfied with the results, which helps to explain why the procedures 
are now so common. As the population ages and people expect to live longer and 
more active lives, demand for joint replacement is likely to continue to grow.
Still, for some patients the potential downsides of joint replacement—or arthroplasty, 
as it is often referred to in the medical literature—outweigh the likely benefits, even 
if their condition makes them suitable candidates. Some are not bothered much by 
their symptoms; others prefer to delay the procedure as long as possible to avoid 
the risk of needing a second operation if the prosthetic joint fails. If encouraged to 
take an active role in determining the course of treatment, these patients may opt 
for non-surgical alternatives to help manage their symptoms. Ideally, each patient 
would be well informed about the risks and benefits of joint replacement before 
deciding to undergo the procedure in order to ensure that their treatment matches 
their personal values and can meet their expectations. In this analysis, however, 
we found patterns in the use of hip, knee, and shoulder replacement among Medi-
care beneficiaries that raise concerns about both possible underuse (whether all 
who could benefit are being offered the procedure) and overuse (whether some 
patients are receiving a procedure that they might choose to delay or forego if they 
had received balanced information on risks and benefits).
From 2000-01 to 2005-06, rates of hip, knee, and shoulder replacement all rose 
substantially among Medicare beneficiaries, and there was widespread varia-
tion in the use of these procedures across geographic regions and by race. The 
Dartmouth Atlas Project has detailed similar variation in the use of other elec-
tive procedures. One possible interpretation of this variation is that the decision to 
undergo the procedure may be influenced more by physician judgments than by 
the preferences and values of the individual patients. Another explanation might 
be that patients in some geographical areas do not have adequate access to joint 
replacement. These findings highlight the need for improved physician and patient 
education and the use of shared decision-making to determine whether a patient 
should undergo joint replacement.
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Factors to consider before undergoing joint 
replacement
Most patients who undergo joint replacement suffer from osteoarthritis, the deterio-
ration of cartilage in the joint and the leading cause of disability in the elderly in the 
United States.1 There are a number of non-surgical treatment options available, par-
ticularly for early stages of osteoarthritis. For some patients, these alternatives may 
be sufficient to manage their symptoms. For others, joint replacement will eventually 
become the best option for treatment.
The American Academy of Orthopaedic Surgeons and the Osteoarthritis Research 
Society International have offered consensus guidelines for the treatment of osteoar-
thritis.2,3 These groups recommend that, before turning to surgery, patients try 
non-surgical options that have been shown to have some success, such as weight 
loss, exercise, activity modification, or the use of walking aids or orthotics. One study, 
for example, found that six weeks of aquatic physical therapy improved function and 
decreased pain in about three-quarters of patients with osteoarthritis of the hip or 
knee. Only 17% of patients in the control group, which received no aquatic physical 
therapy, experienced similar improvements.4 If these treatments prove insufficient 
or the disease worsens, medications may be able to help manage symptoms. Acet-
aminophen and non-steroidal anti-inflammatory drugs are often recommended and 
have been shown to reduce pain and improve function compared to a placebo for 
both hip and knee osteoarthritis.5 Replacement should be considered only when 
these non-surgical alternatives have been exhausted. Substantial damage to the 
joint should be confirmed with the use of imaging, and the patient should have sig-
nificant pain or loss of function that cannot otherwise be managed.1,6,7
Most patients who turn to joint replacement to treat their symptoms are satisfied 
with the results. Several large clinical studies have reported patient satisfaction rates 
approaching 90% for hip replacement, and, according to the National Institutes of 
Health, about 85% of patients who undergo knee replacement are satisfied with the 
results.6,8 Patient satisfaction with shoulder replacement is also very high, with a 
reported satisfaction rate of about 97%.9
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Despite this success, there are several areas of concern. Joint replacements have 
typically been recommended for elderly patients, but they are becoming more com-
mon in younger age groups. For these patients, there is an increased risk that the 
prosthetic joint will fail, both because they are likely to live longer than older patients 
and because they are expected to use the prosthetic joint more aggressively. The 
ten-year survival rate of prosthetic joints used in knee replacement is about 90%, 
but that rate falls to 80% after twenty years.6 Survival rates of prosthetics used in 
hip replacement also appear to be lower in younger patients.10 If an implant fails, a 
second (revision) replacement to replace the prosthetic joint can be required. Revi-
sion replacement has a higher failure rate than primary replacement, requires more 
technical expertise on the part of the surgeon, and is significantly more expen-
sive. Furthermore, there are fewer surgeons who have the ability to perform revision 
replacement than primary replacement, so access to this procedure may be limited 
in some areas.
Another concern is that it can be difficult to determine which patients will have 
poor outcomes from joint replacement, particularly for knee replacement. There 
are some patients for whom knee replacement does not substantially relieve pain 
and restore function, and some experience chronic, medically unexplained pain 
following the procedure.11 In one study, seven years after knee replacement, 30% 
of patients reported developing moderate-to-severe pain at some point since their 
initial recovery from surgery.12
Even when patients are satisfied overall with the results of joint replacement, some 
of their expectations may not be met.13 Those who expect improvements in their 
ability to take part in less essential activities, such as exercise, tend to be less satis-
fied than patients who hope only to improve essential abilities, such as walking.14 
One survey of patients who underwent hip replacement showed that, before the 
surgery, 99% expected to improve their ability to walk and 95% expected to improve 
their ability to exercise and play sports. Most patients did experience improvements 
in both of these areas, but there was a significant difference—91% reported an 
improved ability to walk, compared to 78% who reported improvement in being 
able to exercise or play sports. Only 43% of patients had all of their expectations 
met, indicating that they may have entered into the procedure without a thorough 
understanding of expected outcomes and potential benefits.8
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Finally, even when the possible benefits of joint replacement are clear to physi-
cians, patients often prefer not to undergo surgery. For example, a study of 2,411 
patients in Ontario with severe hip and knee osteoarthritis found that only 16% of 
the patients were interested in surgery when they were fully informed of the risks 
and benefits of each treatment choice.15
Based on the data presented here, it appears that patients in some regions and 
among some populations may not be getting adequate access to the procedures, 
while patients in other regions and among other populations may be undergoing 
the procedures at higher rates than necessary.
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2000-01 2005-06 Percent increase
hip arthroplasty 3.5 4.0 15%
knee arthroplasty 6.0 8.8 48%
shoulder arthroplasty 0.5 0.8 67%
Trends in the use of joint replacement
Rates of hip, knee, and shoulder replacement have all grown substantially in recent 
decades.16 Medicare records show that the procedures continued to increase in 
use among the Medicare population from 2000-01 to 2005-06. During that period, 
the overall rate of hip replacement per 1,000 Medicare beneficiaries rose from 3.5 
to 4.0, an increase of 15%. The increase in use of knee replacement was even 
more dramatic. In 2000-01, the rate of knee replacement stood at 6.0 per 1,000 
Medicare beneficiaries. By 2005-06, there was an increase of 48% to 8.8 proce-
dures per 1,000 beneficiaries. The rate of the procedure increased in almost every 
hospital referral region. Shoulder replacement is far less common than hip or knee 
replacement, but, as with those procedures, the rate increased from 2000-01 to 
2005-06. In 2000-01, there were 0.5 shoulder replacements performed per 1,000 
Medicare beneficiaries. Procedure rates increased over the next five years to 0.8 
per 1,000 beneficiaries, an increase of 67%.
Table 1. National average rates of joint replacement per 1,000 Medicare enrollees, 
2000-01 and 2005-06
These rates include both primary and revision replacements. Part of the increase 
in rates of the procedures is the result of a growing need for revision surgeries 
as more and more older prosthetics begin to malfunction or wear out, requiring 
replacement. As younger patients continue to increase their use of joint replace-
ment, rates of revision will likely continue to rise, contributing to the overall increase 
in use of joint replacement.
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Regional variation in hip replacement
There was marked variation between hospital referral regions in the rate of hip 
replacement in both 2000-01 and 2005-06. In 2000-01, Alexandria, Louisiana, 
had the lowest rate of hip replacement, at 1.2 per 1,000 beneficiaries. The rate in 
Boulder, Colorado, was more than five times higher, at 6.7 per 1,000. In 2005-06, 
Bryan, Texas, had the nation’s lowest rate, at 1.8 per 1,000, and Ogden, Utah, had 
the highest rate, at 7.2 per 1,000. Other regions with rates lower than the national 
average in both 2000-01 and 2005-06 included Honolulu (1.5 per 1,000 in 2000-
01; 1.9 per 1,000 in 2005-06), Fort Smith, Arkansas (1.6; 2.6), and Wilkes-Barre, 
Pennsylvania (2.2; 1.9). Regions with rates higher than the national average in 
both 2000-01 and 2005-06 included Grand Forks, North Dakota (5.9; 6.3), Lansing, 
Michigan (5.8; 6.2), and Fort Myers, Florida (5.3; 6.1).
Extensive variation was apparent even within individual states. For example, in 
2000-01, rates of hip replacement in California ranged from 2.5 per 1,000 in San 
Jose to 5.7 per 1,000 in Salinas. In 2005-06, the variation in California was even 
wider, from a low of 2.7 per 1,000 in Los Angeles to a high of 6.7 per 1,000 in San 
Luis Obispo. There was significant variation within smaller states as well. In 2000-
01, rates in Iowa were as low as 3.4 per 1,000 in Dubuque and as high as 6.3 per 
1,000 in Sioux City. As in California, the gap grew over the next five years, from a 
low of 3.5 per 1,000 in Cedar Rapids to a high of 7.1 per 1,000 in Sioux City.
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Figure 1. Rates of hip replacement among hospital referral regions, 
2000-01 and 2005-06
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Replacement to the U.S. Average
Map 1. Hip replacement among hospital referral regions, 2005-06
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Regional variation in knee replacement
Rates of knee replacement varied widely in both 2000-01 and 2005-06. In 2000-
01, Honolulu had the lowest rate, at 2.5 per 1,000 Medicare beneficiaries. Elyria, 
Ohio, had the highest rate, at 10.5 per 1,000. In 2005-06, Manhattan had the lowest 
rate, at 4.0 per 1,000, while Lincoln, Nebraska, had the highest rate, at 15.7 per 
1,000. Other regions with rates lower than the national average in both 2000-01 
and 2005-06 included Paterson, New Jersey (3.1 per 1,000 in 2000-01; 4.4 per 
1,000 in 2005-06), Kingsport, Tennessee (3.1; 4.9), and Oxford, Mississippi (4.5; 
5.5). Regions with rates higher than the national average in 2000-01 and 2005-06 
included Sioux Falls, South Dakota (9.1; 14.3), Topeka, Kansas (9.9; 13.4), and 
Casper, Wyoming (7.4; 12.9).
This variation existed both nationally and within individual states. In 2000-01 in 
New York, for example, the rate of knee replacement ranged from 2.9 per 1,000 in 
Manhattan to 6.1 per 1,000 in Rochester. In Texas, rates ranged from 5.4 per 1,000 
in Houston to 10.1 per 1,000 in Lubbock. In Florida, surgeons performed 3.6 proce-
dures per 1,000 beneficiaries in Miami but 8.0 per 1,000 in Fort Myers.
Similar variation was still evident in 2005-06. In New York, the rate in Manhattan 
remained the lowest in the state, at 4.0 per 1,000 beneficiaries, while Syracuse had 
the highest rate, at 8.6 per 1,000. In Texas, Houston continued to have one of the 
lowest rates in the state, at 8.5 per 1,000, while the rate in Lubbock climbed to 12.3 
per 1,000. In Florida, rates in both Miami and Fort Myers increased, but the differ-
ence between the two grew even larger than it was in 2000-01, with the rate in Miami 
rising to 5.2 per 1,000 and the rate in Fort Myers increasing to 12.1 per 1,000.
Figure 2. Rates of knee replacement among hospital referral regions, 
2000-01 and 2005-06
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Ratio of Rates of Total Knee 
Replacement to the U.S. Average
Map 2. Knee replacement among hospital referral regions, 2005-06
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Regional variation in shoulder replacement
Rates of shoulder replacement were much lower than rates of hip and knee replace-
ment, but the use of the procedure still varied widely by region. In 2000-01, the 
lowest rate of shoulder replacement was found in Lexington, Kentucky, at 0.2 per 
1,000 Medicare beneficiaries, and the highest was in Fort Collins, Colorado, at 1.8 
per 1,000. In 2005-06, Syracuse, New York, had the lowest rate, at 0.3 per 1,000 
beneficiaries; the rate in Provo, Utah, was about ten times higher, at 3.0 per 1,000. 
Other regions with rates lower than the national average in both 2000-01 and 2005-
06 included East Long Island, New York (0.2 per 1,000 in 2000-01; 0.4 per 1,000 in 
2005-06), Los Angeles (0.4; 0.5), and Pittsburgh (0.4; 0.5). Regions with rates higher 
than the national average in both 2000-01 and 2005-06 included Great Falls, Mon-
tana (1.3; 1.7), Omaha, Nebraska (0.9; 1.1), and Minneapolis (0.7; 1.1).
As was the case with hip and knee replacement, there was significant variation 
within individual states as well as nationally. In 2000-01 in Virginia, for example, 
rates of shoulder replacement varied more than threefold, from 0.2 per 1,000 Medi-
care beneficiaries in Arlington to 0.9 per 1,000 in Richmond. In 2005-06, variation 
remained high, with the lowest rate in the state at 0.7 per 1,000 beneficiaries in 
Arlington and the highest at 1.3 per 1,000 in Newport News. In Illinois, rates in 
2000-01 ranged from 0.3 per 1,000 in Peoria to 0.8 per 1,000 in Springfield. In 
2005-06, rates ranged from 0.6 per 1,000 in Chicago to 1.7 per 1,000 in Aurora.
Figure 3. Rates of shoulder replacement among hospital referral 
regions, 2000-01 and 2005-06
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Ratio of Rates of Total Shoulder 
Replacement to the U.S. Average
Map 3. Shoulder replacement among hospital referral regions, 2005-06
A Dartmouth Atlas Surgery Report
12 Trends and regional VariaTion in hip, knee, and shoulder replacemenT
Differences in joint replacement by race
It is well documented that black patients are less likely than white patients to under-
go hip or knee replacement.6,17,18 The difference is particularly dramatic when 
comparing use of the procedures by white and black men. An analysis of Medicare 
patients from 1998 to 2002 revealed that the rate of knee replacement for white 
men (4.8 per 1,000 beneficiaries) was more than double the rate for black men (1.8 
per 1,000), despite some evidence suggesting that black men are more likely to 
suffer from hip and knee osteoarthritis than white men.19,20
The data from Medicare enrollees in 2000-01 and 2005-06 show that differences 
persist in the use of joint replacement by race. Nationally, the rate of hip replace-
ment among black Medicare beneficiaries in 2000-01 was 1.9 per 1,000; for all 
other enrollees, it was 3.6 per 1,000. Both rates increased by a similar degree over 
the next five years, but the disparity remained, with black enrollees undergoing 
hip replacement at a rate of 2.2 per 1,000, compared to a rate of 4.1 per 1,000 
for all other Medicare beneficiaries. The rates of knee replacement reflect similar 
differences. In 2000-01, the rate among black Medicare beneficiaries was 4.0 per 
1,000, whereas the rate for all other enrollees was 6.1 per 1,000. By 2005-06, the 
rates had increased to 5.6 per 1,000 for black enrollees and 9.1 per 1,000 for all 
others. The rate of shoulder replacement among black Medicare beneficiaries in 
2000-01 was 0.2 per 1,000. For all other beneficiaries, the rate was 0.5 per 1,000. 
In 2005-06, the rates stood at 0.2 per 1,000 for black beneficiaries and 0.9 per 
1,000 for all others.
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Figure 4. Rates of hip replacement by 
race among hospital referral regions, 
2005-06
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Figure 5. Rates of knee replacement by 
race among hospital referral regions, 
2005-06
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These racial differences were much more apparent in some regions than in others. 
In St. Louis, Missouri, the rate of hip replacement for black Medicare beneficiaries 
in 2005-06 was 2.2 per 1,000; it was 4.1 per 1,000 for all other Medicare beneficia-
ries. Similarly, in Kansas City, Missouri, rates of hip replacement were 2.0 per 1,000 
for blacks and 4.3 per 1,000 for all others. Rates of knee replacement in these 
regions also differed. In 2005-06, rates of knee replacement in St. Louis were 4.9 
per 1,000 for black Medicare beneficiaries and 9.9 per 1,000 for all other beneficia-
ries. In Kansas City, the rates were 5.0 per 1,000 for blacks and 10.6 for all others.
Although in most regions there were important racial differences in replacement 
rates, in a few places the differences were small. In Dayton, Ohio, black Medi-
care beneficiaries were slightly more likely than other beneficiaries to undergo 
hip replacement in 2005-06. There, black beneficiaries underwent 4.8 procedures 
per 1,000 enrollees, compared to 4.7 per 1,000 for all others. In San Francisco, 
the rate of knee replacement in 2005-06 was 6.0 per 1,000 for both blacks and 
non-blacks.
Explaining variation in the use of joint replacement
There are a number of possible explanations for the variation seen in rates of 
joint replacement. Although there are now guidelines available to help determine 
when in the course of osteoarthritis treatment replacement should be considered, 
some of those guidelines were issued only recently (after the time period studied in 
this analysis). For example, the recommendations presented by the Osteoarthritis 
Research Society International were published in 2008.3
Geographic variation in rates of the procedures may also indicate that physicians 
in some regions are simply more likely to recommend replacement than are phy-
sicians in other regions, due either to differences in the supply of surgeons who 
can perform the procedures or to physician preferences. Given the complexity of 
determining when replacement is the best option for osteoarthritis treatment, phy-
sician preferences can have an influence on the patient’s decision to undergo joint 
replacement.21 There is also evidence that recommendations made by physicians 
are affected by more than just a patient’s condition. In the case of knee replace-
ment, some studies have shown that physicians are more likely to recommend 
the procedure to men than to women when treating patients with identical health 
status.22,23
It is not well understood why rates of hip and knee replacement differ so widely by 
race. Research has shown that this cannot be explained by socioeconomic fac-
tors.6,17,24 There is some evidence, however, that black and white patients have 
different perceptions of the effectiveness of the procedures.25,26 One study report-
ed that black male veterans with moderate-to-severe osteoarthritis of the knee 
were more likely than white male veterans to use over-the-counter medications and 
to cut down on regular activities, and less likely to believe that joint replacement 
would relieve their symptoms.18
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Encouraging informed patient choice and shared 
decision-making
For procedures such as hip, knee, and shoulder replacement, in which outcomes 
are closely tied to patients’ expectations, it is essential that patients have a thorough 
and realistic understanding of the risks and potential benefits. This is particularly 
important given the rising use of joint replacement. There is evidence that patients 
may choose less invasive treatment options when they are well informed about 
their choices.15,27
The use of decision aids to help educate patients about their options can improve 
patient participation in the decision-making process. Shared decision-making also 
reduces patients’ anxiety when it comes to making difficult choices about their 
care.28-30 If consensus recommendations about non-surgical treatments are incor-
porated into decision aids, patients will be better able to choose whether to opt for 
those treatments rather than for surgery. The process of shared decision-making is 
invaluable for helping patients to clarify their personal goals and values, consider 
their available options, and come to a decision that is in line with their prefer-
ences. If shared decision-making is more widely incorporated into osteoarthritis 
treatment, rates of joint replacement may well rise in areas where it is currently 
underused and decrease in areas where high rates of replacement reflect an over-
reliance on surgery.
Conclusion
Between 2000-01 and 2005-06, rates of hip, knee, and shoulder replacement grew 
substantially among the United States Medicare population. These increases are 
the result of the rising use of both primary replacement to treat osteoarthritis and 
revision joint replacement in patients whose original prosthetic joint failed. As more 
patients who undergo joint replacement live longer, the need for revision replace-
ment to repair aging and deteriorating prosthetics will likely continue to rise.
Regional variation was significant at both the beginning and end of this period. In 
2005-06, rates of hip and knee replacement in high-use regions were almost four 
times higher than rates in low-use regions. The rate of shoulder replacement was more 
than ten times higher in the highest-use region than in the lowest-use region. There 
were also differences in the use of these procedures by race, with black patients less 
likely to undergo joint replacement than other patients. To address these discrepan-
cies, patients must be able to take an active, informed role in the decision-making 
process. One way to move toward this goal is to provide evidence-based tools, such 
as patient decision aids, which have been shown to be an effective means of help-
ing patients make difficult decisions about their health care. The incorporation of 
evidence-based consensus recommendations into the treatment of osteoarthritis 
may help reduce variations caused by physician preferences by charting a consis-
tent timeline for treatment as degenerative joint disease progresses.
a darTmouTh aTlas surgery reporT  15 
Methods
Databases:
We measured the incidence of total (both primary and revision) hip, knee, and 
shoulder replacement during two time periods: 2000-01 and 2005-06. We used 20% 
national random samples from the Centers for Medicare and Medicaid Services 
(CMS) Part B files for each year to identify all hip, knee, and shoulder replacement 
procedures performed on Medicare-eligible beneficiaries during each of those 
years. The Denominator file was used to determine demographic information (age, 
sex, and race), residence (ZIP code), and program eligibility. We excluded patients 
under age 65, those with unknown race, and patients who were members of HMOs 
at any time during the study periods.
Procedure Selection and Analysis:
To examine each of the procedures, we measured the incidence of their Current 
Procedural Terminology (CPT) codes. Table 2 shows the CPT codes used to iden-
tify joint replacement during the periods 2000-01 and 2005-06. The numerator for 
calculating the crude rate consisted of the number of procedures in each year; the 
denominator consisted of the number of beneficiaries in the 20% Part B sample 
eligible as of June for each year (a mid-year denominator.)
Table 2. Joint Replacement CPT Codes
Procedure CPT Codes**
Total hip replacement 27130, 27134, 27137, 27138
Total knee replacement 27446, 27447, 27487
(excludes 821.00-821.39 distal femur fracture;
823.00-823.12 tibial plateau fracture)
Total shoulder replacement 23470, 23472, 23616
**excludes all neoplasms: 140-239.9; pathologic fractures: 733.1, 733.10, 733.13, 733.95
 non-union/malunion of fracture: 733.8, 733.81-733.82
To study geographic variation in procedure rates, we examined the rates of hip, 
knee, and shoulder replacement within each of the 306 hospital referral regions 
(HRRs) in the United States. HRRs, as described in earlier work by the Dartmouth 
Atlas of Health Care, represent distinct tertiary medical care markets and are 
served by at least one tertiary care center and several smaller centers. After deter-
mining the crude rates of joint replacement within each HRR during each of the 
years in our analysis, we adjusted each for differences in age, sex, and race across 
regions using the indirect method.
A Dartmouth Atlas Surgery Report
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HRR 
number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
1 Birmingham al 2.5 3.2 5.6 8.5 0.6 0.7 
2 dothan al 2.8 2.7 6.8 8.3 0.6 1.2 
5 huntsville al 1.9 2.8 5.7 9.8 0.5 0.7 
6 mobile al 2.6 3.5 6.6 9.1 0.7 1.0 
7 montgomery al 2.5 3.3 4.8 7.8 0.8 
9 Tuscaloosa al 2.9 3.7 5.5 7.1 
10 anchorage ak 3.6 3.6 5.7 9.3 0.9 
11 mesa aZ 4.4 4.6 8.3 10.4 0.6 0.6 
12 phoenix aZ 3.9 4.2 6.4 8.3 0.6 0.7 
14 sun city aZ 4.0 5.5 8.5 10.7 0.9 
15 Tucson aZ 4.3 4.2 6.0 8.6 0.7 1.2 
16 Fort smith ar 1.6 2.6 5.1 7.3 1.0 
18 Jonesboro ar 2.2 3.2 4.8 8.4 
19 little rock ar 3.3 3.3 6.4 9.9 0.5 1.0 
21 springdale ar 2.8 4.5 5.5 7.3 
22 Texarkana ar 2.8 2.4 5.4 8.6 1.5 
23 orange county ca 3.7 3.9 5.1 7.3 0.5 0.4 
25 Bakersfield ca 3.2 2.8 4.6 7.5 
31 chico ca 3.4 5.2 6.4 9.5 0.8 
33 contra costa county ca 3.8 4.6 3.9 6.4 0.9 
43 Fresno ca 2.9 3.6 5.9 8.3 0.7 0.7 
56 los angeles ca 2.7 2.7 3.9 5.6 0.4 0.5 
58 modesto ca 4.0 3.9 6.6 8.2 0.9 
62 napa ca 5.1 5.8 5.9 8.8 0.9 
65 alameda county ca 3.5 3.5 4.2 7.7 0.7 0.4 
69 palm springs/rancho mirage ca 5.1 6.1 8.2 10.2 1.1 
73 redding ca 4.3 3.2 6.9 9.2 1.1 
77 sacramento ca 3.2 4.0 5.6 7.2 0.4 0.5 
78 salinas ca 5.7 4.7 5.0 8.7 1.3 
79 san Bernardino ca 2.7 3.1 5.2 7.8 0.5 0.6 
80 san diego ca 3.1 3.6 5.3 7.2 0.4 0.6 
81 san Francisco ca 2.6 3.3 3.6 6.0 0.4 0.5 
82 san Jose ca 2.5 2.9 3.7 5.5 0.3 
83 san luis obispo ca 3.8 6.7 6.5 9.9 
85 san mateo county ca 4.7 4.1 3.6 6.9 0.9 
86 santa Barbara ca 4.6 4.5 6.2 9.2 0.8 
87 santa cruz ca 3.8 3.9 3.6 8.6 
89 santa rosa ca 3.8 6.1 5.3 9.0 1.4 
91 stockton ca 2.8 3.1 4.8 7.4 
96 Ventura ca 4.0 4.5 5.9 8.1 0.5 
101 Boulder co 6.7 5.3 4.2 9.2 2.6 
102 colorado springs co 4.2 5.4 7.9 11.7 0.8 2.1 
103 denver co 5.3 4.6 6.8 11.1 0.5 1.3 
Appendix Table: Total joint replacement per 1,000 Medicare enrollees
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HRR 
number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
104 Fort collins co 4.2 5.8 5.9 11.3 1.8 1.6 
105 grand Junction co 4.2 5.3 6.2 10.4 2.4 
106 greeley co 4.7 4.9 6.3 14.2 1.0 1.4 
107 pueblo co 5.1 4.4 5.4 12.5 
109 Bridgeport cT 3.5 4.4 3.9 6.7 0.7 
110 hartford cT 3.6 4.1 4.9 7.2 0.3 0.7 
111 new haven cT 3.4 4.8 4.4 7.1 0.5 0.6 
112 Wilmington de 4.0 4.7 6.2 9.2 0.4 0.9 
113 Washington dc 3.2 3.9 5.5 8.6 0.5 0.9 
115 Bradenton Fl 4.8 3.8 6.0 8.3 2.0 
116 clearwater Fl 4.1 3.9 6.2 9.3 0.5 0.7 
118 Fort lauderdale Fl 4.5 4.5 5.5 7.4 0.5 0.7 
119 Fort myers Fl 5.3 6.1 8.0 12.1 0.7 1.1 
120 gainesville Fl 3.0 3.0 5.9 7.7 0.8 
122 hudson Fl 3.8 3.9 6.9 8.3 0.6 
123 Jacksonville Fl 3.5 3.4 6.1 8.0 0.5 0.7 
124 lakeland Fl 3.4 3.1 5.7 9.7 0.9 
127 miami Fl 2.4 2.6 3.6 5.2 0.4 0.4 
129 ocala Fl 3.7 4.2 6.1 9.4 0.4 1.0 
130 orlando Fl 3.5 4.0 6.3 9.0 0.5 0.9 
131 ormond Beach Fl 4.0 4.8 6.0 9.6 0.9 
133 panama city Fl 2.6 2.9 5.0 8.3 1.1 
134 pensacola Fl 2.4 3.9 6.6 9.9 0.7 0.9 
137 sarasota Fl 4.9 5.6 6.7 9.2 0.6 0.7 
139 st. petersburg Fl 2.7 4.0 5.1 8.1 0.8 0.9 
140 Tallahassee Fl 3.1 2.7 5.4 7.8 0.9 0.8 
141 Tampa Fl 3.0 3.7 6.0 9.4 0.7 0.8 
142 albany ga 3.2 4.7 7.6 9.8 
144 atlanta ga 2.9 3.4 5.4 7.4 0.5 0.8 
145 augusta ga 3.1 3.3 6.5 8.1 0.5 0.8 
146 columbus ga 2.6 2.9 7.4 10.8 1.2 
147 macon ga 2.7 3.2 6.9 8.1 0.6 0.7 
148 rome ga 2.2 2.3 5.5 7.9 
149 savannah ga 3.7 4.4 6.3 9.1 0.5 1.2 
150 honolulu hi 1.5 1.9 2.5 4.1 0.4 
151 Boise id 5.8 5.9 8.2 11.9 1.0 1.7 
152 idaho Falls id 5.3 5.4 9.5 12.5 
154 aurora il 4.1 3.5 5.9 7.8 1.7 
155 Blue island il 4.6 4.8 5.7 8.4 0.6 
156 chicago il 2.9 3.4 4.3 6.6 0.4 0.6 
158 elgin il 4.9 4.7 8.1 11.0 1.2 
161 evanston il 5.3 5.9 6.3 8.9 0.5 0.7 
163 hinsdale il 4.1 4.5 5.9 9.6 0.9 
164 Joliet il 4.3 4.4 8.0 11.2 0.6 0.6 
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number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
166 melrose park il 4.0 5.3 6.8 10.0 0.4 0.6 
170 peoria il 4.1 4.5 7.9 11.3 0.3 1.0 
171 rockford il 5.1 5.0 7.3 10.1 0.4 1.1 
172 springfield il 3.8 4.0 7.2 11.3 0.8 0.7 
173 urbana il 3.5 4.1 5.7 10.3 0.7 0.7 
175 Bloomington il 3.7 6.8 8.7 11.5 
179 evansville in 2.9 3.7 7.0 10.0 0.6 0.7 
180 Fort Wayne in 3.6 5.6 7.1 10.8 0.6 1.2 
181 gary in 3.6 4.2 7.0 8.3 0.7 
183 indianapolis in 3.6 4.3 6.1 9.3 0.6 0.9 
184 lafayette in 3.3 5.9 5.3 10.0 
185 muncie in 4.7 3.6 5.6 8.8 
186 munster in 3.6 4.1 5.1 8.6 
187 south Bend in 4.1 4.2 7.8 10.2 0.6 1.3 
188 Terre haute in 2.5 4.5 5.2 10.2 
190 cedar rapids ia 5.0 3.5 9.1 11.6 
191 davenport ia 4.8 4.8 9.9 12.6 0.5 0.9 
192 des moines ia 5.0 4.0 8.3 12.1 0.6 1.0 
193 dubuque ia 3.4 5.7 7.1 13.3 
194 iowa city ia 4.7 5.7 9.7 10.3 0.9 
195 mason city ia 5.9 6.5 8.9 10.8 
196 sioux city ia 6.3 7.1 10.5 11.9 0.7 1.1 
197 Waterloo ia 6.1 4.1 8.6 10.2 
200 Topeka ks 5.1 5.0 9.9 13.4 0.9 1.0 
201 Wichita ks 4.4 4.7 9.1 11.9 0.6 0.8 
203 covington ky 3.1 4.2 4.4 6.7 0.8 
204 lexington ky 2.3 2.8 3.5 6.0 0.2 0.5 
205 louisville ky 3.0 3.8 5.5 8.6 0.4 0.5 
207 owensboro ky 1.9 3.2 4.4 8.1 
208 paducah ky 2.7 4.1 5.3 8.8 0.6 
209 alexandria la 1.2 2.4 5.9 9.2 
210 Baton rouge la 2.5 2.5 4.7 8.5 0.8 
212 houma la 1.8 2.1 5.2 8.2 
213 lafayette la 2.3 2.7 5.1 8.5 0.8 
214 lake charles la 2.4 2.9 5.2 10.2 1.2 
216 metairie la 1.7 2.3 4.8 5.7 0.8 
217 monroe la 3.3 2.8 5.3 11.4 
218 new orleans la 2.4 2.5 5.7 6.0 
219 shreveport la 2.9 3.5 5.6 9.3 0.5 0.7 
220 slidell la 2.5 3.1 4.5 5.7 
221 Bangor me 3.6 4.1 5.9 8.2 0.7 
222 portland me 3.8 4.1 6.7 7.6 0.6 1.0 
223 Baltimore md 3.4 4.3 7.1 10.4 0.6 1.1 
225 salisbury md 3.7 4.0 5.3 10.0 0.5 0.9 
a darTmouTh aTlas surgery reporT  19 
HRR 
number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
226 Takoma park md 3.7 4.2 6.4 8.2 0.6 0.7 
227 Boston ma 3.2 4.3 4.7 7.5 0.4 0.6 
230 springfield ma 3.1 3.7 5.0 7.3 0.5 
231 Worcester ma 2.7 3.6 4.1 6.6 
232 ann arbor mi 4.4 4.7 7.2 9.7 0.4 1.0 
233 dearborn mi 3.3 3.7 6.0 10.7 0.9 
234 detroit mi 3.9 4.1 5.5 10.1 0.4 0.9 
235 Flint mi 4.7 4.4 6.6 10.0 1.4 
236 grand rapids mi 4.4 5.5 8.0 10.9 0.7 1.1 
238 kalamazoo mi 4.5 5.0 7.4 12.1 0.8 1.1 
239 lansing mi 5.8 6.2 6.7 12.5 0.7 1.2 
240 marquette mi 3.6 3.8 7.1 10.1 1.2 
242 muskegon mi 5.8 5.4 8.1 11.9 
243 petoskey mi 4.6 6.3 7.1 10.7 1.4 
244 pontiac mi 3.9 5.6 6.0 10.7 1.1 
245 royal oak mi 3.9 4.8 6.4 10.0 0.7 1.0 
246 saginaw mi 4.8 5.2 8.3 12.5 1.0 1.0 
248 st. Joseph mi 5.3 4.7 7.1 9.6 
249 Traverse city mi 3.5 4.7 7.6 10.7 
250 duluth mn 5.8 5.5 7.8 10.8 1.0 1.7 
251 minneapolis mn 4.5 5.7 7.7 11.7 0.7 1.1 
253 rochester mn 3.8 6.4 7.2 11.5 1.1 
254 st. cloud mn 5.2 6.5 8.6 12.3 
256 st. paul mn 4.7 6.7 7.9 12.9 0.7 1.5 
257 gulfport ms 2.7 4.3 4.9 8.5 1.5 
258 hattiesburg ms 3.0 2.9 6.5 10.2 
259 Jackson ms 2.6 2.7 5.6 7.6 0.5 1.0 
260 meridian ms 2.7 2.4 5.8 9.2 
261 oxford ms 2.3 3.1 4.5 5.5 
262 Tupelo ms 2.3 2.9 5.7 7.6 0.8 
263 cape girardeau mo 3.0 2.9 6.8 7.8 0.9 
264 columbia mo 3.8 4.7 8.0 11.4 0.5 0.6 
267 Joplin mo 3.0 3.4 7.4 10.0 
268 kansas city mo 3.5 4.1 7.4 10.2 0.5 0.7 
270 springfield mo 2.8 3.1 6.2 8.8 0.4 1.1 
273 st. louis mo 3.4 3.9 6.7 9.5 0.7 0.9 
274 Billings mT 5.2 6.3 7.4 11.2 1.0 1.4 
275 great Falls mT 4.1 5.0 5.8 12.9 1.3 1.7 
276 missoula mT 4.7 5.5 6.8 11.5 1.2 
277 lincoln ne 4.6 5.1 10.1 15.7 0.8 1.4 
278 omaha ne 4.4 4.6 9.1 12.7 0.9 1.1 
279 las Vegas nV 3.8 3.6 4.5 7.0 0.6 0.5 
280 reno nV 3.9 4.3 5.0 8.3 0.6 1.0 
281 lebanon nh 4.5 4.9 5.2 8.7 0.5 
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number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
282 manchester nh 3.5 4.2 5.9 7.5 0.5 0.6 
283 camden nJ 3.1 3.6 4.6 7.7 0.4 0.5 
284 hackensack nJ 2.1 3.3 3.6 5.2 0.4 0.5 
285 morristown nJ 3.1 5.0 4.1 6.2 0.5 
288 new Brunswick nJ 2.7 4.0 4.4 6.1 0.3 
289 newark nJ 2.8 2.4 3.6 4.9 0.3 
291 paterson nJ 2.7 3.1 3.1 4.4 
292 ridgewood nJ 3.2 4.0 3.3 5.3 
293 albuquerque nm 2.5 3.1 4.6 6.5 0.5 0.6 
295 albany ny 3.5 4.4 5.0 7.9 0.4 0.7 
296 Binghamton ny 3.3 4.8 5.2 8.1 0.6 
297 Bronx ny 2.0 2.3 3.1 4.1 
299 Buffalo ny 3.7 4.0 5.0 8.0 0.3 0.7 
300 elmira ny 3.4 4.0 5.1 8.5 0.6 
301 east long island ny 3.0 3.5 3.5 5.6 0.2 0.4 
303 manhattan ny 2.4 2.8 2.9 4.0 0.3 0.4 
304 rochester ny 4.4 4.5 6.1 8.5 0.4 0.7 
307 syracuse ny 4.5 4.5 5.0 8.6 0.2 0.3 
308 White plains ny 3.5 5.0 3.9 6.8 0.3 0.7 
309 asheville nc 4.1 4.2 5.0 8.2 0.4 0.8 
311 charlotte nc 2.9 3.4 5.8 8.4 0.4 1.0 
312 durham nc 3.0 3.7 5.4 8.3 0.4 1.0 
313 greensboro nc 3.1 3.3 5.4 7.1 0.5 0.8 
314 greenville nc 3.6 3.2 6.7 7.7 0.7 0.7 
315 hickory nc 2.1 3.2 5.3 8.7 1.4 
318 raleigh nc 3.5 3.3 5.8 9.0 0.4 1.1 
319 Wilmington nc 2.9 3.9 4.8 8.7 0.9 
320 Winston-salem nc 3.3 3.2 4.2 7.2 0.7 
321 Bismarck nd 3.4 5.8 9.3 13.6 0.9 1.4 
322 Fargo/moorhead mn nd 4.4 5.6 8.6 12.5 0.6 1.0 
323 grand Forks nd 5.9 6.3 8.6 11.3 
324 minot nd 4.8 4.9 7.3 10.1 
325 akron oh 3.7 3.9 6.9 10.6 0.4 0.7 
326 canton oh 3.3 3.7 6.9 9.9 0.5 0.7 
327 cincinnati oh 3.3 3.7 5.2 9.9 0.3 0.9 
328 cleveland oh 3.5 4.5 6.1 9.5 0.5 0.8 
329 columbus oh 3.9 4.2 5.9 9.3 0.3 1.0 
330 dayton oh 4.0 4.7 6.4 10.7 0.3 0.8 
331 elyria oh 3.1 4.5 10.5 12.5 1.2 
332 kettering oh 4.1 3.9 6.3 9.6 0.7 
334 Toledo oh 4.2 4.8 8.7 10.8 0.7 1.3 
335 youngstown oh 3.9 4.4 6.5 9.8 0.5 0.8 
336 lawton ok 3.4 2.2 5.1 10.3 
339 oklahoma city ok 3.0 3.7 7.4 9.8 0.5 0.9 
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number
HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
340 Tulsa ok 2.9 3.4 6.6 10.5 0.4 0.6 
341 Bend or 5.0 5.5 8.4 9.5 1.7 
342 eugene or 3.6 4.4 5.1 8.1 0.6 
343 medford or 4.3 4.9 6.2 8.0 0.6 1.3 
344 portland or 3.7 4.7 6.4 8.3 0.4 0.8 
345 salem or 4.4 6.5 3.7 6.9 
346 allentown pa 3.1 3.6 5.4 9.5 0.4 0.7 
347 altoona pa 2.3 4.2 6.6 8.1 
350 danville pa 3.9 3.8 6.4 10.1 0.7 0.9 
351 erie pa 4.1 4.1 6.5 9.7 0.5 0.8 
352 harrisburg pa 3.5 3.6 7.1 10.3 0.5 0.9 
354 Johnstown pa 2.9 3.6 6.3 9.3 
355 lancaster pa 3.5 5.6 5.7 10.2 0.8 
356 philadelphia pa 3.2 3.9 5.0 7.7 0.5 0.7 
357 pittsburgh pa 3.3 4.1 6.6 8.8 0.4 0.5 
358 reading pa 3.1 3.7 6.8 10.2 0.4 0.4 
359 sayre pa 3.7 5.5 6.6 8.6 1.2 
360 scranton pa 2.7 3.2 5.8 9.7 0.6 0.7 
362 Wilkes-Barre pa 2.2 1.9 4.1 9.1 
363 york pa 3.4 3.0 5.0 8.8 0.8 
364 providence ri 2.9 3.4 5.0 6.7 0.5 0.6 
365 charleston sc 3.2 3.7 6.1 10.1 0.6 1.1 
366 columbia sc 2.9 3.5 6.1 9.1 0.6 0.7 
367 Florence sc 2.7 3.0 4.4 7.7 
368 greenville sc 2.6 3.0 6.1 10.1 0.6 1.2 
369 spartanburg sc 2.5 4.3 5.5 9.7 0.7 
370 rapid city sd 4.2 6.0 7.7 10.4 1.1 
371 sioux Falls sd 4.7 6.2 9.1 14.3 0.7 0.9 
373 chattanooga Tn 3.1 2.8 7.7 8.8 0.6 0.6 
374 Jackson Tn 2.4 2.4 4.2 7.6 1.0 
375 Johnson city Tn 2.8 3.4 5.0 7.6 1.1 
376 kingsport Tn 3.0 2.6 3.1 4.9 
377 knoxville Tn 3.0 3.4 4.6 6.8 0.6 0.7 
379 memphis Tn 3.0 3.0 4.9 6.8 0.5 0.5 
380 nashville Tn 3.0 3.6 5.1 8.3 0.5 1.0 
382 abilene TX 2.8 3.1 7.1 9.4 1.2 
383 amarillo TX 3.6 3.8 9.8 11.8 0.8 1.3 
385 austin TX 2.5 4.0 6.4 9.8 0.4 1.2 
386 Beaumont TX 1.7 1.9 5.9 8.3 0.7 
388 Bryan TX 2.5 1.8 6.0 7.7 
390 corpus christi TX 2.2 1.9 6.3 7.8 0.7 
391 dallas TX 2.8 3.3 5.8 9.2 0.4 0.9 
393 el paso TX 2.5 2.5 5.9 7.8 0.4 0.6 
394 Fort Worth TX 3.2 3.4 6.3 9.8 0.4 0.8 
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HRR name State Hip replacement per 1,000 Medicare 
enrollees
Knee replacement per 1,000 Medicare 
enrollees
Shoulder replacement per 1,000 Medicare 
enrollees
2000-01 2005-06 2000-01 2005-06 2000-01 2005-06
396 harlingen TX 2.1 1.9 6.3 11.2 1.1 
397 houston TX 2.5 3.0 5.4 8.5 0.4 0.8 
399 longview TX 3.2 3.6 6.4 10.8 
400 lubbock TX 3.2 4.6 10.1 12.3 0.6 0.9 
402 mcallen TX 2.0 2.0 8.6 10.2 0.6 
406 odessa TX 2.6 2.8 7.9 10.1 1.0 
411 san angelo TX 1.5 2.6 6.4 12.8 
412 san antonio TX 2.1 2.5 6.1 8.9 0.5 0.6 
413 Temple TX 2.1 3.5 5.8 8.7 
416 Tyler TX 2.6 3.6 5.6 9.0 0.5 1.2 
417 Victoria TX 3.1 2.4 9.0 8.8 
418 Waco TX 2.0 3.0 6.6 10.2 
420 Wichita Falls TX 2.8 3.1 7.0 10.3 1.2 
421 ogden uT 4.6 7.2 8.7 13.3 0.9 
422 provo uT 5.2 6.0 9.3 11.3 3.0 
423 salt lake city uT 5.1 5.4 8.3 12.1 0.8 1.5 
424 Burlington VT 4.0 5.3 5.1 7.3 0.5 0.6 
426 arlington Va 4.4 4.2 4.4 7.9 0.2 0.7 
427 charlottesville Va 5.3 3.7 7.2 7.4 0.6 0.8 
428 lynchburg Va 2.9 3.8 4.2 9.3 
429 newport news Va 3.5 3.8 5.6 9.3 0.6 1.3 
430 norfolk Va 3.1 3.5 5.2 9.3 0.5 1.0 
431 richmond Va 3.6 4.2 5.9 8.3 0.9 1.0 
432 roanoke Va 3.5 3.6 5.6 8.5 0.4 0.8 
435 Winchester Va 2.5 4.2 6.9 9.6 0.7 
437 everett Wa 4.5 4.8 5.4 8.3 1.0 
438 olympia Wa 4.3 4.5 4.5 10.5 0.8 
439 seattle Wa 4.2 5.3 5.7 8.5 0.6 1.0 
440 spokane Wa 5.6 5.7 7.2 11.2 0.6 0.9 
441 Tacoma Wa 5.6 4.8 5.2 9.0 1.3 0.8 
442 yakima Wa 4.5 3.6 5.2 9.9 1.1 
443 charleston WV 2.3 2.8 4.4 7.1 0.2 0.8 
444 huntington WV 2.7 2.8 4.3 8.4 0.6 
445 morgantown WV 3.2 2.7 6.6 7.9 0.7 
446 appleton Wi 4.7 4.9 7.9 11.0 0.8 0.9 
447 green Bay Wi 4.0 5.2 9.1 12.8 0.5 0.9 
448 la crosse Wi 3.7 4.3 6.8 13.4 1.2 
449 madison Wi 4.7 5.0 7.7 11.1 0.3 0.7 
450 marshfield Wi 4.2 5.3 8.2 12.2 0.6 1.5 
451 milwaukee Wi 4.2 5.0 7.1 10.8 0.6 1.0 
452 neenah Wi 4.6 6.3 10.4 10.0 0.9 
456 Wausau Wi 3.7 6.3 8.8 10.1 1.6 
457 casper Wy 4.0 4.4 7.4 12.9 1.5 
999 United States US 3.5 4.0 6.0 8.8 0.5 0.8 
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